This paper investigates the impact of taxation on firm survival, using hazard models and a large-scale panel dataset on over 4 million nonfinancial firms from 21 countries over the period 1995-2015. We find ample evidence that a lower level of effective marginal tax rate improves firms' survival chances. This result is not only statistically but also economically important and remains robust when we partition the sample into country subgroups. The effect of taxation on firms' survival probability is found to exhibit a non-linear pattern and be stronger in developing countries than advanced economies. These findings have important policy implications for the design of corporate tax systems. The challenge is not simply reducing the statutory tax rate, but to level the playing field for all firms by rationalizing differentiated tax treatments across sectors, asset types and sources of financing. JEL Classification Numbers: D22, D24, O3, O4,
I. INTRODUCTION
Corporate dynamism is critical for the vitality and sustainability of competitiveness, innovation and growth. While creative destruction-through firm entry and exit-is essential for economic progress, establishing a conducive ecosystem for firm survival is also necessary for sustainable private sector development and socioeconomic cohesion. There is an extensive literature identifying firm-level characteristics (such as size, age, indebtedness, and productivity) as well as macroeconomic conditions and institutional features as key contributing factors to growth and survival probability among firms (Evans, 1987; Hall, 1987; Audretsch, 1991; Audretsch and Mahmood, 1995; Ericson and Pakes, 1995; Agarwal, 1997; Zingales, 1998; Agarwal and Audretsch, 2001; Agarwal and Gort, 2002; Bond and others, 2003; Bunn and Redwood, 2003; Clementi and Hopenhayn, 2006; Bridges and Guariglia, 2008; Musso and Schiavo, 2008; Byrne, Spaliara, and Tsoukas, 2016) . To the best of our knowledge, however, there is no paper analyzing the impact of taxation on firms' survival prospects. While corporate income taxes are expected to lower firms' capital investment and productivity by raising the user cost of capital, distorting factor prices and reducing after-tax return on investment, taxation also provides resources for public infrastructure investments and the proper functioning of government institutions, which are key to a firm's success. As shown by Barro (1990) , Aghion and others (2016) , and Cevik and Miryugin (2018) , the overall impact of taxation on firm performance depends on the relative weight of these two opposing effects, which can vary with the composition and efficiency of taxation and government spending.
The objective of this paper is to shed light on how taxation affects the probability of firm survival across countries. According to the Orbis database maintained by Bureau van Dijk, the average failure rate among nonfinancial firms from 167 countries is 3.5 percent of active firms during the 1995-2015 period. While the average failure rate of 4 percent in advanced economies is almost double the average failure rate among developing countries, there appears to be a convergence in failure rates over the past decade. In this paper, we focus on how taxation affects the survival prospects of nonfinancial firms, using hazard models and a comprehensive dataset covering over 4 million nonfinancial firms from 21 countries with a total of 21.5 million firm-year observations over the period 1995-2015. As the main explanatory variable of interest, we estimate the effective marginal tax rate (EMTR) for each firm, rather than using the statutory corporate income tax (CIT) rate, as the appropriate measure of the tax burden on firms.
1 The firm-specific EMTR encapsulates not only the differences in the overall tax burden across countries, but also the discriminatory nature of tax regimes across sectors and types of firms.
We find ample evidence that a lower level of effective marginal tax rate increases survival probability among nonfinancial firms. To obtain a granular analysis of firm survival across countries and over time, we control for a plethora of firm characteristics, such as age, size, profitability, capital intensity, leverage and total factor productivity (TFP), as well as systematic differences across sectors and countries. We find that the tax burden-measured by the firmspecific EMTR-exerts an adverse effect on companies' survival prospects. In other words, a lower level of EMTR increases the survival probability among firms in our sample. This finding is not only statistically but also economically important and remains robust when we partition the sample into country subgroups. We run the estimation on separate samples and find that the effect of taxation on firm survival is significantly greater in developing countries than advanced economies. Furthermore, digging deeper into the tax sensitivity of firm survival, we uncover a nonlinear relationship between the firm-specific EMTR and the probability of corporate failure, which implies that taxation becomes a detriment to firm survival at higher levels. With regards to the impact of other firm characteristics, we obtain results that are in line with previous research and see that survival probability differs depending on firm age and size, with older and larger firms experiencing a lower risk of failure. Focusing on the financial health, we find that the probability of failure diminishes with the degree of profitability but increases with the level of indebtedness. Similarly, in relation to firm structure and performance, we observe that capital intensity and TFP play a significant role in reducing the probability of failure.
Tax systems can be designed better to improve efficiency and boost investment that foster innovation and job creation. The firm-level estimates presented in this paper demonstrate that taxation clearly has a significant effect on the pattern of firm failures across advanced and developing countries. This finding has important policy implications for the design of tax systems. A coherent and fair approach to taxation is important to reduce legal uncertainty and distortions in resource allocation faced by firms. Tax policy and administration should therefore aim to cut the costs of compliance, facilitate entrepreneurship and innovation, and encourage alternative sources of financing by particularly addressing the corporate debt bias. In this context, the EMTR holds a special key by influencing firms' investment decisions and the probability of survival over time. For policymakers, the challenge is not simply reducing the statutory CIT rate, but to level the playing field for all firms by rationalizing differentiated tax treatments across sectors, capital asset types and sources of financing.
The remainder of the paper is organized as follows. Section II describes the data sources, explains the calculation of firm-specific variables used in the analysis, and presents summary statistics and stylized facts. Section III explains the empirical methodology. Section IV presents the econometric results, including various robustness checks. Section V concludes and discusses policy implications.
II. DATA OVERVIEW AND ESTIMATING EMTR AND TFP
The primary dataset consists of annual observations on a total of more than 4 million nonfinancial firms from 21 countries during the 1995-2015 period. We obtain harmonized firm-level financial data, including balance sheets and income statements, from the Orbis database. Unlike other administrative firm-level databases, Orbis provides a comparable coverage of both public (listed) and private (non-listed) firms including small and medium-sized enterprises in a broad universe of developed and developing countries. The complete Orbis sample consists of more than 200 million firm annual observations from over 100 countries around the world. However, similar to any other large-scale micro dataset, the Orbis data require careful management to ensure consistency and comparability across firms and countries and over time. First, we select countries with sufficient number of observations by setting a threshold of 10,000 annual observations per country. Second, following the data cleaning principles suggested by Gal (2013) and Kalemli-Ozcan and others (2015) , we filter out firms with negative values of total assets, employment, operating revenues, and short-term loans and long-term debt in any given year. Third, we restrict the dataset to the sample of firms and countries for which we have information to compute the measures of EMTR and TFP as described below. Fourth, to minimize the effect of extreme outliers, we exclude 1 percent of observations on both tails of the distribution of variables. After these steps, we obtain an unbalanced panel of 4,026,648 unique firms from 21 countries (14 advanced and 7 developing) with a total of 21,450,725 firm-year observations over the period from 1995 to 2015.
2
We follow a commonly-used EMTR approach to estimate a forward-looking measure of the effective tax burden at the firm level.
3 The firm-specific EMTR framework is based on the user cost of capital concept as developed by Hall and Jorgenson (1967) , Auerbach (1983) , and King and Fullerton (1984) . According to Devereux and Griffith (1998; , the EMTR is the difference between the expected pre-tax (gross) rate of return ( �) and the expected post-tax (net) rate of return on a marginal investment (r), divided by the pretax rate of return:
The EMTR is therefore a consolidated indicator of the various tax factors that affect the cost of capital relative to a normal rate of return. The expected pre-tax rate of return ( �) is the minimum rate of return of a new investment project (I) that covers the acquisition cost (Q) and the economic rate of depreciation (δ), allowing the firm to pay tax obligations and funding costs.
The expected post-tax rate of return (r), on the other hand, is equivalent to the nominal market interest rate (i) minus the inflation rate (π), both of which are assumed to be common across firms in a given country and time. When there is no tax, � is equal r, and the EMTR is zero. With taxation, however, the expected pre-tax rate of return ( �) diverges from the expected after-tax rate of return (r), thereby requiring the firm to generate additional profits to cover for not only for funding costs but also for tax obligations. If the EMTR is the same across different sectors and firm characteristics, then all firms face the same effective tax rate. However, when the tax code allows for changes in tax rates and allowances according to sector-and firm-level differences, the EMTR shows considerable variation across firms in a given country and over time.
The estimation of firm-specific EMTRs requires a combination of firm-level information and country-level factors including the key features of the tax system. We calculate firmlevel EMTRs using company-specific information and a set of parameters including the statutory CIT rate, depreciation rules, inflation, the nominal interest rate, and the real before-tax return on equity in each country, which are assumed to be constant across all firms. Following Egger and others (2009), we assume that the key parameters are as follows: � = 0.2, r = 0.05 and π = 0.02, and use different rates of economic depreciation (δ) for different types of assets: 0.1225 for machinery; 0.0361 for buildings; 0 for land and inventories; and 0.15 for intangible assets.
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We estimate a firm-level measure of TFP to incorporate the impact of efficiency differences across enterprises on the likelihood of firm survival. TFP is an indicator of the efficiency with which capital and labor are used in a production process. As such, it plays a significant role in analyzing economic fluctuations at the macro level, as well as assessing differences across sectors and firms. Firm-specific TFP is expressed as the residual from the standard Cobb-Douglas production function with capital and labor as inputs and an underlying assumption of constant returns to scale as given by:
in which is the logarithm of real gross output for firm i at time t; and denote the logarithms of real capital stock and labor, respectively; and stand for firm and time fixed effects, respectively, to capture permanent differences across firms and aggerate changes to common to all firms; and is the residual representing the amount of output that cannot be explained by the use of inputs. To compute the real capital stock, we follow the perpetual inventory method detailed in Gal (2013) and define the capital stock, , as the book value of fixed tangible assets, and depreciation, , as reported in a firm's accounts. Accordingly, the real capital stock is calculated by:
where is net fixed investment in real terms, using industry-specific price deflators. To mitigate the risk of obtaining biased TFP estimates with the ordinary least squares (OLS) method, however, we utilize the algorithm proposed by Levinsohn and Petrin (2003) and use intermediate inputs, energy or material costs, as proxies to solve the simultaneity problem. Hence, the production function is expressed in the following form with an additional term:
In the first stage of the estimation, ̂ is estimated by the OLS model and a third order approximation in and substituted for ( , ). In the second stage, � is estimated for all values of * and * , according to the formula:
Then, the residual of the following equation is computed and interacted with two instruments, which are real capital stock and material costs:
Capital stock in the current period is assumed to be not correlated with the contemporaneous productivity shock, as it is mostly driven by an investment decision made in the previous period, which yields to the first moment condition. The second moment condition is obtained through the fact that the material costs from the previous level are uncorrelated with the current shock. It is important to note that the number of firms covered in the Orbis database varies from one year to another, increasing considerably after 2000. In terms of sectoral coverage, the dataset is based on the NACE classification of economic activities and covers nonfinancial sectors excluding agriculture, public administration and defense, activities of extraterritorial organizations and bodies, and activities of households as employers and for own use. Most of the firms in our sample operate in the wholesale and retail trade sector, accounting for about 31 percent of observations, followed by services grouped together with 25 percent, manufacturing with 18 percent, and construction with 17 percent. Table 2 presents descriptive statistics of all variables for the entire sample as well as subgroups of advanced and developing countries. Along with the firm-specific EMTR and TFP measures, we include several key firm characteristics, such as age (measured by the log of years since inception), size (measured as the log of total assets), profitability (measured by the ratio of profits after tax to total assets), capital intensity (measured by capital per worker), and leverage (defined as short-term and long-term debt over total assets). The nominal firm-level variables obtained from the Orbis database are deflated using industry-specific deflators drawn from the OECD STAN database for advanced economies and the UN National Accounts database for developing countries. As described above, the real capital stock is calculated using the perpetual inventory method, as the sum of previous period real fixed assets minus depreciation plus real fixed investment in the current period. As presented in Table 2 , there are considerable variations in firm characteristics, including the EMTR, and macroeconomic features over the sample period from 1995 to 2015. In particular, the variance in the EMTR reflect differences in the composition of assets and source of financing at the firm level. 
III. ECONOMERTIC METHODOLOGY
We focus on the impact of taxation on firms' survival prospects in a large panel of 4,026,648 firms from 21 countries over the period 1995-2015. We trace the span of survival for each firm over the sample period and define the survival function as the probability of failure between time t and t+1 divided by the probability of surviving at least until t, for a given set of covariates. In line with the literature, we consider a firm as failed in a given year when its status is that of receivership, liquidation, or dissolved (Bunn and Redwood, 2003; Bridges and Guariglia, 2008; Helmers and Rogers, 2010) . The observation period in this analysis takes into account both left truncation and right censoring since firms may remain in operation beyond the sample period. We use the year of first appearance in the dataset as the time at which a firm becomes at risk of failure and exclude observations when a firm drops out of the database. The survival function for firm i at any point of time t>0 and t=1, …, T is assumed to take the proportional hazard form:
where ( ) is the baseline hazard function and is a series of time-varying covariates summarizing observed differences among firms (Cox, 1972; Cox and Oakes, 1984; Audretsch and Mahmood, 1995; Kleinbaum and Klein, 2005) . In a panel setting, the discrete time formulation of the probability of failure is given by a complementary log-log model such as:
in which ℎ ( ) is the hazard rate at time t for firm i, ( ) is the baseline hazard function, and comprises a vector of firm characteristics. This discrete time version of the Cox proportional hazard model can be extended to account for unobserved but systematic differences among firms by describing unobserved heterogeneity by a random variable independent of :
where denotes an unobserved firm-specific error term with zero mean, uncorrelated with the Xs. The complementary log-log model allows us to capture the exact time of corporate failures and deal with the potential right-censoring bias and the endogeneity problem arising from simultaneity between the dependent and explanatory variables. Since our dataset is on an annual basis, the complementary log-log model is also more appropriate compared to the standard Cox model.
Our main explanatory variable of interest is the firm-specific measure of the effective corporate tax burden. Focusing on the impact of corporate taxation on firms' survival prospects, we control for main firm characteristics comprising age, size, profitability, leverage, capital intensity, and productivity. We include sector and country fixed effects to account for unobserved time-invariant heterogeneity. This model can be estimated using standard random effects panel data methods for a binary dependent variable, assuming that the distribution of is normal. Robust standard errors are clustered at the firm level to account for the fact that observations pertaining to a firm are correlated and thus do not contain as much information as unclustered errors. Table 3 , show that the corporate tax burden has a significant effect on firms' survival prospects. All variables included in the model have the expected sign with a high degree of statistical significance. Regarding the main variable of interest, we find that the coefficient on the corporate tax burden-measured by the firm-specific EMTR-exerts a positive and highly significant effect on the probability of failure. In other words, a lower level of effective marginal tax rate increases the survival probability among nonfinancial firms in our sample. This finding is not only statistically but also economically important and remains robust when we partition the sample into country subgroups. We run the estimation on separate samples and find that the effect of taxation on firm survival is significantly greater in developing countries than advanced economies. We dig deeper into the tax sensitivity of firm survival and discover a nonlinear relationship between the firm-specific EMTR and the probability of corporate failure. These results, presented in Table 4 , show that the coefficient on EMTR turns negative when we include its squared value in the model along with other control variables. The coefficient on the EMTR squared, on the other hand, is highly significant and positive with greater economic magnitude. This implies that taxation becomes a detriment to firm survival at higher levels. While this pattern of nonlinear interactions remains intact for firms in advanced economies, the picture is completely different for firms in developing countries where the coefficients on EMTR and its squared term have the opposite values. This could be due to the limited number of observations-267,249 firms from developing countries compared to almost 2.3 million from advanced economies. More importantly, however, we suspect that bankruptcy procedures that tend to tend to take an exorbitant amount of time in developing countries with inefficient bureaucracy and weak rule of law may distort the relationship between the tax burden and firm survival. Pertaining to the impact of firm characteristics, we obtain results in line with previous research in this area. First, the probability of firm survival increases with age and size, as indicated by the negative and statistically significant coefficients. Older and larger firms are better positioned to weather shocks compared to younger and smaller enterprises. However, while age has the similar effect on the incidence of corporate failure across all countries, firm size appears to have the opposite effect in the case of developing countries. These findings may reflect that the latter are likely to face a higher degree of asymmetric information problems and consequently a higher degree of financial constraints, especially in countries with undeveloped financial systems. Second, firms' survival prospects are greatly dependent on the financial health as measured by profitability and leverage. The probability of failure diminishes with the degree of profitability but increases with the level of indebtedness. Both results are particularly more pronounced among nonfinancial firms in advanced economies. Third, in relation to firm structure and performance, we find that capital intensity and TFP play a significant role in reducing the hazard of failure among nonfinancial firms. These results, consistent across all countries, capture the contribution of greater scale economies and efficiency gains. Note: Standard errors clustered at the firm level are displayed in brackets. *** p<0.01, ** p<0.05, * p<0.1.
IV. EMPIRICIAL RESULTS

The estimation results, presented in
We conduct several robustness checks to verify our findings, and to attain a more nuanced picture of how taxation affects the incidence of corporate failure. Having identified a significant connection between the tax burden and firm survival, we explore more in detail whether the pattern and magnitude of this relationship differ when we differentiate between types of firms.
• First, we classify a firm as young (or old) in a given year if its age falls into the bottom (or top) half of the age distribution of all firms operating in the same industry in that year, and, as presented in Table 5 , find that the magnitude of the coefficient on EMTR for old firms is almost five times greater than that for young firms. In other words, taxation has a significantly greater effect on the probability of failure as firms age over time.
• Second, we split the sample into small and large firms by classifying companies with total assets in the lowest quartile as small and those in the highest quartile as large and, as displayed in Table 5 , find that the tax burden has a greater adverse impact on firm survival among large firms than smaller enterprises and relative to the baseline coefficient estimate.
• Third, estimating the probability of firm failure at the sectoral level, we observe a significant degree of heterogeneity in the impact of taxation. As presented in Table 6 , while the coefficient on the firm-specific EMTR is consistently positive and statistically significant across all sectors (except real estate), its magnitude varies from the minimum of 1.6 for accommodation and food services to the maximum of 8.7 for information technology and manufacturing. These results indicate that the corporate tax burden has a greater impact on the survival prospects of firms operating in capital intensive sectors such as information technology and manufacturing.
• Fourth, we introduce a personal income tax (PIT) rate to control for its potential impact, since employees may gain from a more favorable rate by moving their earnings into or from the corporate tax base. These results, presented in Appendix Table A2 , show that the effect of EMTR on firm survival remains negative and significant even when we include the PIT rate as an additional control variable. -likelihood -329,812 -902,116 -129,581 -928,259 -361,147 -103,316 -153,248 -16,892 -1,505,110 Note: Standard errors clustered at the firm level are displayed in brackets. *** p<0.01, ** p<0.05, * p<0.1. The columns represent the following sectors: (1) Accommodation and food services, (2) Construction, (3) Information technology, (4) Manufacturing, (5) Professional and administrative activities, (6) Real estate, (7) Transportation and storage, (8) Utilities, (9) Wholesale and retail trade. The mining sector is excluded due to the small number of firm-year observations.
• Fifth, we estimate the probability of firm survival using alternative methodologies, including accelerated failure time (AFT) models. As opposed to Cox proportional hazard model, in which covariates have a uniform shift effect on the survival curve, the AFT models allow covariates to have a multiplicative effect on the survival time (Orbe and others, 2002; Patel and others, 2006; Ali and others, 2015) . These findings, presented in Appendix Table A2 , are consistent with our baseline findings.
• Lastly, we estimate the multilevel mixed-effects parametric survival model with both fixed effects and random effects, which is not possible in the Cox and AFT models because of computational limitations. These results, also presented in Appendix Table A2 , are in line with the baseline findings (based on the Cox proportional hazard model) and other robustness checks.
V. CONCLUSION
This paper is to shed light on how taxation affects the probability of firm survival across countries and over time. There is a vast and growing literature on corporate failures, but no paper has analyzed the quantitative effect of tax burden on firms' survival prospects in a broad panel of advanced and developing countries.
In this paper, we analyze the probability of failure among more than 4 million nonfinancial firms from 21 countries during the period 1995-2015, using a Cox proportional hazard model and controlling for firm characteristics and systematic differences across sectors and countries. The results indicate that the corporate tax burden-as measured by the firm-specific EMTR-exerts a highly significant adverse effect on companies' survival prospects with a non-linear pattern. Put differently, a lower level of EMTR increases the survival probability among nonfinancial firms in our sample. This finding is not only statistically but also economically important and remains robust when we partition the sample into country subgroups. We run the estimation on separate samples and find that the adverse effects of taxation on firms' survival prospects appears stronger in developing countries than advanced economies, but data constraints limit the extent of the analysis.
We provide robust evidence indicating that the impact of taxation on firm survival becomes detrimental at higher levels. Digging deeper into the tax sensitivity of firm survival, we uncover a nonlinear relationship between the firm-specific EMTR and the probability of corporate failure, which implies that taxation becomes a detriment to firm survival at higher levels. With regards to the impact of other firm characteristics, we obtain results that are in line with previous research and see that survival probability differs depending on firm age and size, with older and larger firms experiencing a lower risk of failure. Focusing on the financial health, we find that the probability of failure diminishes with the degree of profitability but increases with the level of indebtedness. Similarly, concerning firm structure and performance, we document that capital intensity and TFP play a significant role in reducing the probability of failure among over 4 million nonfinancial firms in the sample.
Well-designed tax systems can enhance efficiency and encourage investment that foster innovation and job creation. The empirical analysis presented in this paper demonstrate that taxation unmistakably plays an important role in determining the pattern of failures among nonfinancial firms across advanced and developing countries. This finding has important policy implications for the design of tax systems, since the firm-specific EMTR encapsulates not only the differences in the overall tax burden across countries, but also the discriminatory nature of tax regimes across sectors and types of firms. A coherent and fair approach to business taxation is important to reduce legal uncertainty and distortions in resource allocation faced by firms. Reforms in tax policy and revenue administration should therefore be designed to cut the costs of compliance, facilitate entrepreneurship and innovation, and encourage alternative sources of financing by particularly addressing the corporate debt bias. In this context, the EMTR holds a special key by influencing firms' investment decisions and the probability of survival over time, especially in capital intensive sectors of the economy. Importantly, the challenge for policymakers is not simply reducing the statutory CIT rate, but to level the playing field for all firms by rationalizing differentiated tax treatments across sectors, capital asset types and sources of financing. 5 5 As argued in IMF (2017), the complete elimination of differences in tax treatments across firms is not feasible or desirable, as tax policy should aim to influence resource allocation when firms ignore externalities such as excessive carbon emissions or underinvestment in research and development. 
